Background: Adherence to surveillance recommendations for patients at risk of developing hepatocellular carcinoma (HCC) is influenced by several factors, including the etiology of chronic liver disease. Aim: The aim of this study was to analyze whether tumor stage at diagnosis and prognosis differ in patients with alcohol-related HCC compared to those with chronic viral hepatitis-related HCC. Patients and Methods: Medical records of 650 patients diagnosed with HCC between 1994 and 2011 were analyzed retrospectively. Groups were formed from patients having either alcohol abuse or viral hepatitis (chronic hepatitis B or C virus infection) as the only known HCC risk factors. Demographic data (age and gender), tumor stage at diagnosis, survival, liver function [Child-Pugh-Turcotte (CPT) score] in patients with liver cirrhosis, complications of liver cirrhosis, and serologic parameters were compared between the two groups. Results: A total of 393 HCC cases (male 84%, median age 65 years) were identified, with alcohol abuse as the causative factor in 76.8% and chronic viral hepatitis in 23.2%. In patients with alcohol abuse, 278 (92.1%) were diagnosed with liver cirrhosis (CPT A 49.3%, CPT B 31.1%, CPT C 9.6%), while in patients with viral hepatitis, 84 (92. of underlying chronic liver disease and is more progressed in patients having a disease with alcoholic etiology. Majority of HCC patients are not diagnosed at a curable stage, which underlines the need for specialized care for all patients with chronic liver disease, independent of etiology and consequent adherence to current surveillance guidelines.
Introduction
Worldwide hepatocellular carcinoma (HCC) is most frequently related to chronic hepatitis B virus (HBV) or chronic hepatitis C virus (HCV) infection. Even in Northern Europe, a low endemic area for viral hepatitis, more recent data indicate a rise in the viral etiology of HCC [1] [2] [3] [4] . Alcohol abuse and non-alcoholic fatty liver disease (NAFLD) are the two other dominant risk factors for HCC development, with different prevalence rates in different parts of the world.
Most cases of HCC develop in the context of liver cirrhosis, independent of the etiology. Currently, there are no randomized controlled trials assessing the role of screening for patients at risk for developing HCC. However, surveillance strategies have been implemented as a result of indications from retrospective and cohort studies. Patients under surveillance are diagnosed with HCC at less advanced stages and are more likely to be eligible for potentially curative therapies [5] . Surveillance strategies applying semi-annual ultrasound are cost-effective [6] [7] [8] [9] [10] [11] [12] and are recommended for patients with liver cirrhosis irrespective of etiology [13] .
For patients with HBV and HCV infection, surveillance is recommended by international guidelines [13, 14, 15] based on the lifetime risk of developing HCC for infected patients under certain conditions.
Prospective cohort studies revealed a 5-100-fold increase in the risk of developing HCC among subjects with chronic HBV infection [16] . In patients with chronic HBV infection, surveillance is not only recommended in case of liver cirrhosis with good or moderately impaired liver function (CPT A and B), but also in patients without cirrhosis in cases of active hepatitis or a family history of HCC [13] .
Cross-sectional and case-control studies have shown a 5-20-fold increase in the risk for developing HCC in patients with chronic HCV infection compared to HCV-negative subjects [16] . Because the risk increases with progressive fibrosis and is highest in patients with liver cirrhosis, surveillance is currently recommended for patients with chronic HCV infection and advanced fibrosis (F3 according to METAVIR score) or cirrhosis in CPT stages A and B [13] .
Heavy alcohol consumption (>80 g/day) over a period of more than 10 years increases the risk for HCC approximately 5-fold [17] . The annual incidence of HCC in patients with alcoholic liver cirrhosis is 1-2% [18] . Synergistic effects have been shown for alcohol consumption and viral hepatitis with respect to hepatocarcinogenesis.
NAFLD represents a hepatic manifestation of the metabolic syndrome and promotes hepatocarcinogenesis in part directly via insulin resistance and its subsequent inflammatory cascade [19] independent of liver cirrhosis [20, 21] ; however, surveillance is currently not recommended for patients with metabolic syndrome without liver cirrhosis.
For patients with end-stage liver disease, independent of the cause of liver cirrhosis, surveillance is recommended only in those patients awaiting liver transplantation [13] .
Several factors have an impact on adherence to surveillance, including the etiology of chronic liver disease and patient-related factors such as compliance and awareness of the risk. Factors related to the social and medical systems are of importance as well [22] .
The aim of this study was to analyze a large, single-center cohort of patients to determine whether those with alcohol-related HCC differ from those with chronic viral hepatitis related-HCC with respect to tumor stage at diagnosis and prognosis.
Patients and Methods
The medical records of 650 patients admitted to the University Hospital of Magdeburg between February 1994 and January 2011 and diagnosed with HCC were analyzed retrospectively. The analysis included patients that were referred to the Department of Gastroenterology, Hepatology and Infectious Diseases; to the Department of Surgery; or to the Department of Radiology and Nuclear Medicine.
In 499 patients (76.77%) HCC was diagnosed histologically. In the remaining 151 patients (23.23%) the European Association for the Study of the Liver (EASL) criteria [23] and coincident findings in two different contrast-enhanced imaging modalities (ultrasound, computed tomography and/or magnetic resonance tomography) in combination with a significantly elevated level of alpha-fetoprotein (AFP) in the serum were applied.
By stratification of risk factors for the development of HCC, a subgroup of patients was identified in whom either alcohol abuse or viral hepatitis (chronic hepatitis B or C virus infection) were the only known risk factors. In these patients, besides demographic data (age and gender), tumor stage at diagnosis and liver function in terms of CPT score in those with liver cirrhosis, complications of liver cirrhosis, and serological parameters were analyzed.
Tumor stage was assessed on the basis of radiology reports and on histopathological criteria if available. Number and size of HCC nodules, as well as the presence of distant metastases, including lymph node involvement were recorded. If available, information on the patency of the portal vein was also analyzed. Barcelona Clinic Liver Cancer (BCLC) classification [24] was used to define tumor stage, liver function was assessed by CPT score, and clinical performance status of the patient was also assessed.
Statistical Analyses
Descriptive statistical analysis was performed using SPSS 11.5.1. (IBM SPSS Data Collection, USA). Results for numerical data are provided as mean and standard deviation. For categorical data, results are specified as absolute numbers and percentages. A t-test was applied for comparison of survival times, chi-square test for comparison of categorical data, and Mann-Whitney U test for non-categorical data. P < 0.05 was considered to be statistically significant. Cox analysis and the Kaplan Meier method were used for survival curve determinations.
Results
A total of 393 patients (84% male), with a median age of 65 years (17-85 years) were identified for study participation. Liver cirrhosis was diagnosed in 362 (92.1%) cases. Alcohol abuse was identified as a causative factor in 302 (76.8%) cases and chronic viral hepatitis in 91 (23.2%) cases.
A total of 92.1% of alcohol-related HCC patients, and 57.1% of chronic viral hepatitis patients were male (p < 0.05).
Of patients with alcohol-induced liver disease, 278 (92.1%) were diagnosed with liver cirrhosis. Liver function was well preserved (CPT A) in 49.3% of these patients, while in 31.1% liver function was moderately impaired (CPT B), and 9.6% presented with liver cirrhosis at CPT C. Ascites was diagnosed in 128 (42.4%) patients with alcohol-related liver disease, and 116 (38.4%) were diagnosed with esophageal varices.
Conversely, 84 of 91 patients with HCC associated with viral hepatitis suffered from liver cirrhosis (92.3%) of which 59.3% were diagnosed with HCC at a good liver function stage of CPT A, while 23.1% presented with CPT B cirrhosis and 8.8% with decompensated cirrhosis at CPT C (table 1) . Of these patients, 27 (29.7%) presented with ascites, and 32 (35.2%) were diagnosed with esophageal varices (table 1) .
When comparing CPT classes between the two groups of patients there was no significant statistical difference, but patients with alcohol-related disease had a significantly higher point score than patients with viral hepatitis-related HCC (p = 0.04).
When analyzing laboratory characteristics of the two groups of patients, significantly higher concentrations of alkaline phosphatase and gamma-glutamyl-transferase in patients with alcoholic liver disease were observed. These patients also showed a trend towards higher serum bilirubin concentrations (table 2) . Patients with viral hepatitis-associated HCC alternatively presented with significantly increased transaminases as a marker of active necroinflammation.
AFP exceeded the level of diagnostic significance (200 ng/dl) in 45.3% of patients with alcohol-related HCC and in 31.8% of patient with viral hepatitis-related HCC (p = 0.033). When analyzing the patients with significantly increased AFP levels in the serum and comparing the two groups stratified by BCLC stage at diagnosis there was no significant statistical difference between the patients with alcoholic liver disease and those with viral hepatitis.
As for tumor stage at diagnosis, majority of the patients with alcohol-induced liver disease were diagnosed at an advanced tumor stage (BCLC C, 43. At the time of analysis, 235 patients had died. Advanced tumor stages were associated with shorter survival rates ( fig. 1) fig. 2 b-d) . In BCLC stage A patients with alcohol-related disease survived significantly longer than those with chronic viral hepatitis (p = 0.046, fig. 2a ).
Discussion
In patients with alcohol induced HCC, a diagnosis of HCC is more tardive compared with that of patients with chronic viral hepatitis. Complications of liver cirrhosis attributable to portal hypertension (ascites, esophageal varices) were more frequent in patients with alcoholic liver disease and HCC than in patients with viral hepatitis. A more advanced tumor stage combined with other complications of liver cirrhosis often leads to fewer treatment options.
There are several reasons for the delayed diagnosis of HCC in alcoholic patients. It is possible that patients with chronic alcohol abuse are diagnosed at advanced tumor stages because surveillance strategies do not effectively reach this target population. Factors related to the individual patient, e.g., awareness of high-risk status [25] as well as medical and social system factors frequently stigmatize patients addicted to alcohol and may play a role in this situation.
In the United States (US), less than every second patient with liver cirrhosis undergoes regular surveillance for HCC, varying in frequency according to cirrhosis etiology and medical specialty involved [26] . A survey of US gastroenterologists revealed that 79% are aware of the characteristics of high-risk patients that qualify for HCC screening [27] and 100% claim to follow the surveillance guidelines. However, when analyzing a community setting in the US, 40.6% of patients at high risk for HCC development did not receive sufficient surveillance [22] . An analysis of more than 1,800 US patients with HCC identified from the National Cancer Institute's (NCI) Surveillance Epidemiology and End Results (SEER) database revealed that less than 20% of patients with liver cirrhosis who developed HCC had received regular surveillance. Patients from urban areas and patients with higher income were more likely to receive regular screening [28] .
In Europe, studies analyzing adherence to surveillance guidelines are lacking. Nevertheless, in spite of the explicit European screening guidelines introduced more than 10 years ago, the rate of patients diagnosed in early tumor stage is still low and has not improved over time, independent of liver disease etiology [3] .
The challenge is not only to offer effective withdrawal therapies for patients addicted to alcohol but also to implement strategies for surveillance, which assists the patients to overcome inhibitions with regard to regular visits to the doctor. It is important to improve educational advertising concerning the consequences of chronic alcohol abuse.
Although current international guidelines do not recommend the use of AFP concentration as a tool in the surveillance of patients at risk for HCC development anymore, our data show that this information may still be helpful in those with alcoholic liver cirrhosis. Approximately every second patient with alcohol-related HCC presents with serum AFP concentrations exceeding 200 ng/dl.
Once HCC is diagnosed at an advanced stage, the disease prognosis is influenced by tumor stage and liver function, but not by etiology. However, in cases of early HCC (BCLC A) we observed a better prognosis for patients with alcohol-related disease than for those with chronic viral hepatitis. Ongoing necroinflammation observed in patients with viral hepatitis probably leads to faster progression of liver function impairment and a higher risk of de novo carcinogenesis compared with the arrest of progression of liver disease in alcoholic patients after withdrawal. This observation, although based on a very small number of patients, underlines the importance of treating chronic liver disease to prevent the development of de novo HCC in these patients. Recently, the International Liver Pathology Study group proposed to diagnose liver cirrhosis more comprehensively with respect to grade of Color version available online activity and risk factors for malignancy [29] . This might even be more important for patients who have undergone curative treatment for early HCC to predict the outcome of individual patients. Randomized controlled trials to evaluate the effect of antiviral therapy in patients with HCV infection for secondary prevention of HCC are still not available [30] , but elevated aspartate aminotransferase was identified as a negative prognostic factor in patients with advanced HCC [31] . There are few data comparing prognoses of HCC of different etiologies if tumor stage stratification at diagnosis is considered. It has been shown that the prognosis of patients with HCV-related HCC in a non-resectable stage is worse than that of other etiologies [32] .
Most studies, comparing the prognosis of curatively treated HCC in patients with viral hepatitis to virus-negative HCC patients were performed in Asia. A retrospective analysis of a large Chinese cohort of patients with curatively resected HCC showed no significant dif-
2,000 2,500 1,000 500 0 1,500 2 ,000 2,500 1,000 500 0 Cumulatire, survival Color version available online ferences between patients with hepatitis B-or C-related HCC and patients with non-hepatitis B-or C-related HCC with regard to survival, albeit the prognostic factors identified in these two groups of patients were different [33] . These data partly contradict a Japanese retrospective analysis revealing higher overall and progression-free survival for patients with HCC not attributable to HBV or HCV infection [34] . For patients with chronic HBV infection it has been shown that successful treatment of the infection prolongs survival of patients with nonresectable HCC treated by chemoembolization [35] , and after curative treatment [36] . In HCC, treatment of the malignancy must be complemented by treatment for liver insufficiency and complications of portal hypertension particularly after curative treatment to prevent tumor recurrence.
Conclusion
Tumor stage at diagnosis of HCC is influenced by the etiology of underlying chronic liver disease. In patients with alcohol-related HCC, tumors are more likely to be detected at an advanced stage than in patients with chronic viral hepatitis-related HCC. However, independent of etiology, the majority of HCC patients are still not diagnosed at a curable stage. This problem underlines the need for specialized care for all patients with chronic liver disease and consequent adherence to current surveillance guidelines.
Diagnosis of HCC should not preclude the specialized and comprehensive treatment of the underlying chronic liver disease, especially in patients with chronic viral hepatitis. At more advanced tumor stages, the etiology of chronic liver disease does not influence HCC prognosis; however, stricter adherence to surveillance may allow for diagnosis of HCC at a curable stage.
